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5 Field of the Invention 

The present invention relates to a display device applied to a 
signboard attached to a top, a wall surface or the like of a building. 

In particular, the present invention relates to a display device for 
causing a plurality of light sources arranged on a display surface thereof to 
10 emit light so as to display, at night, still images, character data, video 
images or the like. 



yg Description of the Prior Art 

Q Conventional methods for displaying a large size image in a top of a 

Ms 

ri 15 building or a wall surface thereof include posting a color film or a color 
Q poster on a flat surface so as to illuminate the flat surface on a front side 
thereof with a lamp. This method permits viewers to recognize the 
illuminated color film or color poster at night. 

Conventional methods for displaying a large size image in a top of a 
20 building or a wall surface thereof also include illuminating the flat surface 
on which the color film or the color poster is posted on a backside of the flat 
surface with a light source disposed thereon, and causing neon tubes 
which are deformed to form a predetermined shape to emit light at night. 

Moreover, a conventional method for displaying arbitrary still 
25 images or video images as large size images with a large-sized image display 
panel is well-known. On the large-sized image display panel, light emitting 
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elements, such as discharge tubes, light bulbs, light-emitting diodes or 

other similar emitting devices, are so arranged to form a matrix shape. 

Furthermore, a conventional method for displaying still images as 

large side images on a display device such as Q board is familiar. On the 
5 display surface of the display device, a plurality of cuboidal display 

elements whose surfaces are applied to red, blue, green, white and so on, 

respectively, are mounted so as to rotated by magnetic force, thereby 

displaying the still images. 

Each of the display device with the flat surface on which the poster 
O 1° or the like is posted and the display device with the neon tubes can be 
y designed at relatively low cost, whereas it has a disadvantage such that the 
yi displayed presentation must be fixed. In particular, in cases where no 

lighting devices are provided, it is impossible to visibly recognize the 
D displayed presentation on the posting display device at night, 
p 15 In addition, the voluntary large- sized image display panel allows 

p freedom of presentation to be increased because of dealing with vide images 

sse - 

§y 

in addition to the still images. 

The large- sized image display device, however, has a disadvantage 
such that it is costly and requires much power consumption because, in 
20 order to form an image which can be visible in the daytime, the brightness 
of the image need to exceed that caused by a reflection of outside light 
represented by sunlight and so on. 

Furthermore, the magnetic rotating type of display device has low 
power consumption, but it cannot display animations, video images and so 
25 on, which have fast frame speeds, respectively. 
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SUMMARY OF THE INVENTION 
The present invention is directed to overcome the foregoing 
disadvantages. Accordingly, it is an object of the present invention to 
provide a display device which is capable of taking advantages of a posting 
5 display device and a voluntary light emitting display device so as to be 
served as a posting signboard making use of sunlight in the daytime and as 
a voluntary light emitting display device for displaying images at night, 
thereby improving expressive power of the display device with its cost low. 

According to one aspect of the present invention, there is provided a 
p 10 display device comprising a display surface portion including a light 

y emitting area on which a plurality of light emitting devices are arranged, 

m 

Iff and a nonluminous area formed on spaces among the arranged light 

=0 emitting devices on the display surface portion, the nonluminous area 

P being formed with a nonluminous image, the nonluminous image being 

Q 15 displayed on the nonluminous area in color; and emission means for 

p selectively causing at least one of the light emitting elements to emit light so 

ni 

as to display an image on the display surface portion. 

According to this aspect of the present invention, it is possible to 

visibly recognize the nonluminous image on the display surface portion in 
20 the daytime, and, at night, by causing at least one of the light emitting 

elements to emit light, the image formed by the selectively emitted light of at 

least one of the light emitting elements. 

This aspect of the present invention has an arrangement of 

comprising a device body to which the light emitting elements are disposed, 
25 wherein the display surface portion includes a front panel having a plurality 

of through holes and a transparent seat mounted on the front panel, the 
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through holes corresponding to the light emitting elements, the 
norduminous area being formed on the transparent seat, the front panel 
being attached to the device body so that the through holes are opposite to 
the light emitting elements, respectively. 

According to the preferred embodiment of this aspect, it is possible 
to prevent the leaked light from the light emitting elements at night, thereby 
improving a display effect when the outside light is weaken. The 
replacement of the front panel causes the displayed nonluminous image to 
be easily changed into new different nonluminous image. 

In preferred embodiment of this aspect, the nonluminous image on 
the nonluminous area of the transparent seat is formed with transparent 
coloring matter. 

According to this preferred embodiment of this aspect, it is possible 
to easily change the displayed nonluminous image into new different 
nonluminous image by removing the seat to post new seat on which the 
new different nonluminous image is formed. 

In preferred embodiment of this aspect, the device body includes 
supporting members for fixedly supporting the light emitting elements, the 
nonluminous area being formed on the front panel, the front panel being 
attached to the supporting members of the device body so that the through 
holes are opposite to the light emitting elements, respectively. 

According to the preferred embodiment of this aspect, because the 
supporting members support simultaneously the light emitting elements 
and the front panel, accurately setting the attachment position of the light 
emitting elements to the support members and the attachment position of 
the front panel permits the light emitting elements and the through holes to 



be accurately opposite to each other. 

In preferred embodiment of this aspect, each of the light emitting 
elements is a light emitting diode. 

According to the preferred embodiment of this aspect, because the 
light emitting diode has a relatively compact-sized light emitting element, it 
is possible to make small the light emitting area, as compared with using a 
discharge bulb or a light bulb so that the nonluminous light emitting area is 
wider according to the light emitting diode being compact, thereby 
improving the visible recognition of the nonluminous image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and aspects of the present invention will become 
apparent from the following description of an embodiment with reference to 
the accompanying drawings in which: 

Fig- 1 is a front view showing an appearance of a display device 
according to a first embodiment of the present invention; 

Fig, 2 is a perspective view showing a configuration of the display 
block shown in Fig. 1; 

Fig. 3 is a plane view showing a portion A of the display block 
illustrated in Fig. 2; 

Fig. 4 is a longitudinally sectional view showing an inner 
configuration of the display module shown in Fig. 2; 

Fig. 5 is a perspective view showing a configuration of a light 
emitting cell shown in Fig. 4; 

Fig. 6 is a block diagram of a control system in the display device for 
supplying power to each of the display modules therein according to the 



first embodiment; 

Fig. 7 is a front view showing a state of a front panel of the display 
device in the daytime according to the first embodiment of the present 
invention; 

Fig. 8 is a front view showing a state of a front panel of the display 
device at night according to the first embodiment of the present invention; 

Fig. 9 is a longitudinally sectional view showing a main part of a 
display device according to a second embodiment of the present invention; 

Fig. 10 is a perspective view showing a configuration in a vicinity of 
a light emitting cell shown in Fig. 9; 

Fig. 1 1 is a longitudinally sectional view showing a main part of a 
display device according to a third embodiment of the present invention; 
and 

Fig. 12 is a perspective view showing a configuration in a vicinity of 
a light emitting cell shown in Fig. 1 1 . 

DETAILED DESCRIPTION OF EMBODIMENTS 
Embodiments of the present invention will be described hereinafter 

with reference to the accompanying drawings. 

Fig. 1 is a front view showing an appearance of a display device 

according to a first embodiment of the present invention. Fig. 2 is a 

perspective view showing a configuration of the display block shown in Fig. 

1 . Fig. 3 is a plane view showing a portion A of the display block illustrated 

in Fig. 2. 

The display device D 1 is provided with a front panel 1 on which a 
design including at least one character or at least one picture is formed as 
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an image. The design is formed by applying at least one coating to the 
front panel 1, printing the design on the front panel 1, or posting a seat 
member or a poster on which the design is printed thereon. 

The front panel 1 is formed at its front surface with a plurality of 
through holes 2 arranged to form a substantially matrix shape, each of 
which has, for example, a substantially rectangular shape. Each of the 
through holes 2 can take an arbitral shape. The front panel 1 is also 
formed at its back surface with a plurality of display modules 3. Each of 
the display modules 3 is formed with light emitting cells 4. The display 
device Dl is also provided with a plurality of rectangular rod-like steel pipes 
5 arranged in parallel at regular intervals. 

That is, each of the through holes 2 has 20 mm squares so that the 
through holes 2 are arranged in parallel at regular intervals of 60 mm. 
Each of the intervals is defined as a distance between centerlines of each of 
the adjacent through holes 2. The steel pipes 5 support the front panel 1 
and they are disposed to, for example, frames of advertising tower of a 
building or a wall surface thereof and arranged in regular intervals. 

The steel pipes 5 are arranged on alternate intervals of the through 
holes 2. 

As shown in Fig. 3, the plurality of display modules 3 are fixedly 
disposed on both sides of the steel pipes 3 so as to be parallel to one vertical 
side of the front panel 1 in a state shown in Fig. 2 and to be arranged in a 
straight. The light emitting cells 4 are arranged in a straight on each of the 
display modules 3 at intervals of 60 mm. The size of each the display 
modules 3 or that of each of the steel pipes is designed so that the interval 
of the adjacent light emitting cells 4 of the adjacent display modules 3 is 60 



mm in length. 

When installing the front panel 1 on the steel pipes 5, the vertical 
columns of the light emitting cells 4 of the display modules 3 on both sides 
of the steel pipes 5 are fit to the vertical columns of the through holes 2, 
which opposite to the display modules 3. This causes the light emitting 
cells 4 to be arranged to form a substantially matrix shape, thereby 
providing the display device D 1 for displaying image by a combination of 
selectively emitting dots (pixels) formed by light emitting cells 4 each of 
which corresponds to one dot (pixel). 

Incidentally, hereinafter, 16 X 16 matrix of light emitting cells 4 
which comprises 16 display modules 3 arranged in a parallel is taken as 
one display block DB so that, in Fig. 1, the display device Dl is configured 
to combine six display blocks DB so as to arrange the six display blocks DB 
in two lateral rows and three vertical columns. 

Fig. 4 is a longitudinally sectional view showing an inner 
configuration of the display module 3 and Fig. 5 is a perspective view 
showing a configuration in the vicinity of the light emitting cell 4 and the 
periphery thereof shown in Fig. 4. 

The display module 3 is provided with a case 6 formed as a 
substantially rectangular tubular shape, a plurality of light emitting diodes 
7, a printed circuit board 8 and so on so that the light emitting diodes 7, the 
printed circuit board 8 and so on are installed in the case 6. 

The case 6 is formed at its front panel side surface (front surface) 
with longitudinally 16 holes 6a in regular intervals of 60 mm, and with a 
plurality of projections 6b each having a substantially cylindrical shape and 
projecting inwardly to a back side surface of the case 6 from the periphery 
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of each hole 6a. The printed circuit board 8 is interposed between the front 
surface and back surface of the case 6. 

The display block 3 also has a plurality of light emitting diodes 7 
arranged correspondingly to the intervals of the holes 6a and mounted on 
5 the printed circuit board 8. On opposite surface of the printed circuit 
board 8, which is opposite to the surface on which the light emitting diodes 
7 are mounted, circuit components are mounted for making operate the 
light emitting diodes 7. 

The printed circuit board 8 is adhered on the projections 6b so as to 
O 10 be fixed to the case 6 so that the light emitting diodes 7 are freely fit in the 

y corresponding projections 6b. After the printed circuit board 8 is fixed to 

iu 

iff the case 6, injecting silicon resins 9 for waterproofing in the projections 6b 
yn causes terminals of the light emitting diodes 7 and their peripheries to be 
Q sealed. 

p 15 At the silicon resins 9 being injected, as shown in Fig. 5, upper sides 

q (front panel sides) of the light emitting diodes 7 are exposed through the 
through holes 2 to the outside so that a part of the silicon resin 9 can be 
visibly recognized at a front side of the front panel 1. 

In this embodiment, five light emitting devices 7 including a blue 
20 light emitting diode, two green light emitting diodes and two red light 
emitting diodes are arranged in each of the projections 6b so as to configure 
the light emitting cell 4. This configuration allows a multicolor display and 
an adjustment of white balance. 

Fig. 6 is a block diagram of a control system in the display device D 1 
25 for supplying power to each of the display modules 3 therein. 

That is, the display device Dl, as the control system, comprises a 
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control unit 1 1 for producing display data which make each of the display 
blocks DB emit light according to image data in the personal computer 10. 

The display device Dl also comprises an electrical supply unit 12 
for supplying power to each of the display blocks DB, a power supply unit 
5 13 provided in each of the display blocks DB for supplying the power 
supplied from the electrical supply unit 12 to each of the display modules 3 
of each of the display blocks DB and a signal distribution unit 14 provided 
in each of the display blocks DB for distributing display data to the display 
modules 3 of each of the display blocks DB. 

10 The display device 1 also comprises a drive circuit 15 provided in 

each of the display modules 3 for making drive each of the light emitting 
diodes (LED) 7 in each of the display modules 3, a timer 16 for setting times 
at which the control unit 1 1 turns the electrical supply unit 12 on and off 
and a photo-sensor 17 for sensing iUumination intensity on the front panel 

15 1. 

Image signals representing a still image, sequential sill images or 
moving images displayed on the personal computer 10 are inputted to the 
control unit 11 so as to be processed, thereby producing a display data. 
The display data is transmitted from the control unit 11 so as to be 

20 transferred to each of the signal distribution units 14 in each of the display 
blocks DB. At least one of the drive circuits 1 5 of at least one of the display 
modules 3 of at least one of the display blocks DB makes drive at least one 
of the light emitting cells 4 in the at least one of the display modules 3 
according to the display data distributed by each of the distribution units 

25 14, causing at least one of the light emitting cells 4 to emit light. As a 
result, the image signals displayed on the personal computer 10 are 
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displayed as the image on the front panel 1. 

The electric supply to each of the display blocks DB by the electric 
supply unit 12 is controlled by the control unit 1 1 according to an output 
signal from the timer 16 or the photo-sensor 17, or output signals from 
5 them. 

At first, the control according to the output signal from the timer 16 
is described hereinafter. 

The timer 16 has a function for generating a power supply start 
signal at a first setting time and a power supply stop signal at a second 

10 setting time. When the control unit 11 detects the power supply start 
signal generated by the timer 16, outputs, to the electric supply unit 12, a 
command for starting the power supply to each of the display blocks DB. 
On the other hand, when the control unit 1 1 detects the power supply stop 
signal generated by the timer 16, outputs, to the electric supply unit 12, a 

15 command for stopping the power supply to each of the display blocks DB. 

Then, for example, setting sunset time to the first setting time and 
sunrise time to the second setting time permits, in the daytime, the image 
formed on the front panel 1 to be displayed, and, at night, the image formed 
by the combination of the light emitting cells 4 to be displayed. 

20 Incidentally, the sunset time and sunrise time may be annual average 
sunset time and annual average sunrise time. The timer 16 may have a 
table storing thereon all sunset times and sunrise times for the year so as to 
set the first setting time and the second setting time on the basis of the 
table. 

25 Next, the control according to the output signal from the photo- 

sensor 17 is described hereinafter. 
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The control unit 1 1 monitors the Ulurnination intensity on the front 
panel 1 according to the output signal (the illumination signal) from the 
photo- sensor 17. When the control unit 11 determines that the 
illumination intensity on the front panel 1 is smaller than predetermined 
5 threshold illumination intensity, it outputs, to the electric supply unit 12, a 
command for starting the power supply to each of the display blocks DB. 
On the other hand, when the control unit 11 determines that the 
illumination intensity on the front panel 1 is larger than the predetermined 
threshold illumination intensity, it outputs, to the electric supply unit 12, a 
O 10 command for stopping the power supply to each of the display blocks DB. 
U Then, for example, setting, as the threshold illumination intensity, 

Ln illumination intensity adjacent to the front panel 1 caused by the light 
emitted from each of the light emitting cells 6 permits, when the 
O environment is turned to that in which the image signals on the personal 
p 15 computer 10 is recognized, the power supply to be started to each of the 
□ display blocks DB, whereas, when the environment is turned to that in 

f%i 

which the image formed on the front panel 1 is recognized, the power 
supply to each of the display blocks DB to be stopped. 

Using both of the timer 16 and the photo-sensor 17 may perform 

20 the control of the start/ stop of the power supply. For example, the control 
unit 1 1 may control the start of the power supply on the basis of the sensed 
illumination intensity by the photo-sensor 17 according to the change of 
the illumination in the environment of the front panel 1, and the stop of the 
power supply at the predetermined times based on the output signals from 

25 the timer 16. 

The control unit 1 1 usually may control the electric supply unit 12 
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at regular timings based on the output signals from the timer 16 so as to 
display the image on the basis of the light emitting diodes 7 and to stop the 
display of that, and, when outside light is blocked with, for example, a cloud 
at an unexpected time different from the output timings of the timer 16, 
5 may detect that the sensed illumination density by the photo-sensor 17 is 
not more than the threshold illumination density so as to display the image 
on the basis of the light emitting diodes 7. 

Furthermore, while the control unit 1 1 controls the electric supply 
unit 12 at regular timings based on the output signals from the timer 16 so 
Q 10 as to display the image on the basis of the light emitting diodes 7 at night, 
Ld when the lighting of, for example, signboard arranged around the display 
Ul device D 1 turns on, or that emits light with respect to the display device D 1 , 
d3 the control unit 11 may stop the display of the image based on the light 

D emitting diodes 7 according to the sensed illumination density by the 

U 

Q 15 photo-sensor 17. 

Q The above configurations of the present invention permit, in the 

daytime, as shown in Fig. 7, the display device Dl to be served as the poster 
signboard and, at night, as shown in Fig. 8, it to be served as the voluntary 
light emitting display device, causing still image, sequential still images or 

20 moving images to be displayed on the display device D 1, making it possible 
to richly expressive images on the display device Dl. 

For example, the image shown on the display device Dl in Fig. 8 
permits the expression of the sun being shined and that of the cloud being 
moved. The use of the light emitting diodes 7 as light emitting elements in 

25 the light emitting cells 4 causes the power of the display device D 1 to be 
saved and the lifetime of that to be lengthened, as compared with using 



• 13- 



discharge tubes or light bulbs as the light emitting elements. 

Incidentally, an area of the through hole 2, a shape thereof and an 
interval between adjacent through holes 2 may be set according to the place 
to which the display device Dl is disposed. It is preferable to enlarge an 
area except for the through holes 2 on the front panel 1 in order to keep the 
visual recognition of the image formed on the front panel 1 . 

It is desirable to make small the area of each of the through holes 2 
and to increase a number of the through holes 2, as one example, as 
compared with enlarging, the area of each of the through holes 2, as 
another example, even if total areas of all of the through holes 2 according 
to the one example are the same as those of all of the through holes 2 
according to the another example. 

In the present embodiment, each of the through holes 2 has 20 mm 
squares so that the through holes 2 are arranged in parallel at regular 
intervals of 60 mm. According to the configuration, only when viewing the 
front panel 1 from a place at a veiy close distance from the front panel 1, the 
through holes 2 can be recognized so that, when visibly recognizing the 
front panel 1 from a place at a distance of 50 m from the front panel 1 , 
viewers do not recognize existences of the through holes 2 at all. 

The top (front) portion of the light emitting diode 7 is positioned to 
be excessively drawn with respect to the front panel 1, that is, apart the 
front panel, causing visible recognition from outside at night to be damaged. 
On the other hand, a top portion of the light emitting diode 7 is positioned 
to excessively project with respect to the front panel 1 , that is, excessively 
close thereto, causing light leaked from the front panel 1 to illuminate the 
periphery of the through hole 2 in the front panel 1, whereby the image 
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formed on the front panel 1 is visibly recognized at night. In addition, the 
top portion of the light emitting diode 7 is positioned to excessively project 
with respect to the front panel 1 , causing the shadow due to the sunlight to 
spoil the appearance of the image formed on the front panel 1 . 

The top portion of the light emitting diode 7, therefore, is preferable 
to be slightly drawn with respect to the front panel 1. 

Fig. 9 is a longitudinally sectional view showing an inner 
configuration of a main part of a display device according to a second 
embodiment of the present invention. Fig. 10 is a perspective view 
showing a configuration in the vicinity of the light emitting cell 4. 
Incidentally, elements which are the same as those in the first embodiment 
shown in Fig. 4 and Fig. 5, or have the same functions of those therein, are 
assigned to the same reference numerals of the elements in the first 
embodiment shown in Fig. 4 and Fig. 5, omitting the explanation of the 
elements in Fig. 4 and Fig. 5 in detail. 

The display device Dl in this second embodiment comprises a 
transparent seat 18 posted on the front panel 1 so that a design including 
at least one character or at least one picture is formed as an image on the 
transparent seat 18 in place of the front panel 1. The transparent seat 18 
is formed with a plurality of transparent portions 19 arranged to 
correspond to the through holes 2, respectively. No image is formed on the 
transparent portions 19. 

That is, the transparent portions 19 are arranged to form a matrix 
and each of the transparent portions 19 has 20 mm squares. 

The seat 18 is posted on the front panel 1 so that each of the 
transparent portions 19 coincides with each of the through holes 2, thereby 
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forming the image on the front panel 1 . 

This configuration of the second embodiment, in cases of changing 
the displayed image on the display device, can change the displayed image 
on the display device by changing the seat 18 so as to post a new seat 18' on 
5 which another image is formed, making it possible to change the displayed 
image without removing the front panel L 

Fig. 11 is a longitudinally sectional view showing an inner 
configuration of a main part of a display device according to a third 
embodiment of the present invention. Fig. 12 is a perspective view 
Q 10 showing a configuration in the vicinity of the light emitting cell 4. 
uj Incidentally, elements which are the same as those in the second 
y I embodiment shown in Fig. 9, or have the same functions of those therein, 
\p are assigned to the same reference numerals of the elements in the second 
Q embodiment shown in Fig. 9, omitting the explanation of the elements in 
£3 15 Fig. 9 in detail. 

P The display device Dl in this third embodiment comprises a 

transparent seat 20 posted on the front panel 1 so that a design including 
at least one character or at least one picture is formed with a high 
transparent ink having photo transmission on the transparent seat 20 in 

20 place of the front panel 1 . 

This configuration permits the light emitted from the light emitting 
cell 4 to be radiated through the ink on the seat 20 to the outside of the 
front panel 1 . In this case, though the amount of light radiated to the 
outside is more decreased as compared with the second embodiment, it is 

25 possible to make inconspicuous the through hole 2 and the light emitting 
cell 4 in the daytime. 



-16- 



The present invention is not limited to the above first ~ third 
embodiments. For example, in the first, second and third embodiments, 
as the light emitting element of the light emitting cell the light emitting 
diode is used, but the present invention is not limited to the structure. As 
the light emitting element, a small bulb, a neon tube or an optical fiber may 
be used. In the first, second and third embodiments, the light emitting cell 
is configured by the plurality of light emitting diodes, permitting the image 
to be displayed in color. The present invention, however, may permit the 
image to be displayed in monocolor. 

The image pictured on the front panel 1 is formed by means of 
application of coating, printing, a photograph or the like so that any image 
forming means can be used only when images formed by any image forming 
means can be visibly recognized . 

Changing the displayed image based on the light emitting diodes 7 
is relatively easy as compared with changing the image formed on the front 
panel 1 because, in cases of changing the image on the front panel 1, recoat 
work or seat replacement work must be required. Usually, the image 
formed on the front panel 1 may be displayed, and, information needing 
continuously updating, information requiring quickly report, arbitrarily 
determined information or the like may be displayed as the image based on 
the light emitting diodes 7 at desirable timings independently of the state of 
the outside light. In this configuration, the personal computer 10 may be 
operative to control the power supply start timing, the stop timing of the 
power supply, the light emitting luminance and so on without regard to the 
states of the timer 16 and the photo- sensor 17. 

While there has been described what is at present considered to be 



the preferred embodiment and modifications of the present invention, it will 
be understood that various modifications which are not described yet may 
be made therein, and it is intended to cover in the appended claims all such 
modifications as fall within the true spirit and scope of the invention. 
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